Projecting the Niche (Suitable Habitats) of Invasive Species: Approaches, Challenges, and Consequences by Yudaputra, Angga et al.
Angga Yudaputra, Dipta Sumeru R, Sudarmono. 2019 
50  
Projecting the Niche (Suitable Habitats) of Invasive Species: 
Approaches, Challenges, and Consequences 
Angga Yudaputra1, Dipta Sumeru R, and Sudarmono 
Research Center for Plant Conservation and Botanic Gardens, Indonesian Institute of Sciences 




Invasive species has been identified as a major threat for native species and ecosystem functions. 
The occurrence and the massive growth of invasive species have caused a significant impact on 
environment such as loss of native biodiversity, agricultural damage, disease outbreak, and economic 
loss. Modelling distribution of invasive species is an important method to understand the 
susceptibility and suitability of a habitat for an invasive species to establish in a new region, and 
consequently to obtain the most effective and efficient management strategies to eradicate the 
target invasive species. However, modelling distribution of an invasive species in its non-native 
ranges involves many challenges. Invasive species tend to have a non-equilibrium correlation with 
their environment and even sometimes they modify the non-native ranges. There were many 
approaches that carried out to address several issues related to projecting invasive species outside 
their native range. Several attempts were conducted to make projections more reliable and realistic. 
The objective of this study is to gather some of new approaches related to projecting invasive species 
outside of the native range. Five publishing papers that concerned to reveal the projection of invasive 
species in space and time, were rigorously selected to understand the recent methods that 
potentially produce a reliable projection. Several important parameters, including approaches, 
findings and limitation were presented on this study. The result showed Hybrid models or 
combination models produced more reliable and accurate projection of invasive species. Although, 
shortcomings on the models still appear, the hybrid model was a good representative in terms of 
projecting the distribution of invasive species. Prediction and understanding the mechanism of 
invasion would be necessary for management actions and environmental policies. 
 




 Concerns towards biological invasion have been significantly increasing in the last 
two decades. The existence of invasive species makes a huge financial loss in the 
plantation, agriculture and economics. The increasing human movement triggers many 
introductions of new species in another landscape [1]. Although some introduced 
species fail to establish in new areas, but many of those successfully create new colonies 
and compete with native species [2]. There are several characteristics of invasive plant 
species; 1) the individual or population maintain relatively constant population [3], 2). 
they have small seeds, high leaf area ratio, and high growth rate of seedlings [4], 3) 
vertebrate dispersal is mainly responsible for woody invaders [5], 4) easy to be spread 
out by human [6], 5) they can overcome any kind of biotic and abiotic barriers in new 
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environment (invaded area) [7], 6). They successfully reproduce and invade new areas 
due to their vegetative reproduction ability [8]. Perthenium is an annual herb that has 
ability to germinate and establish in warm temperature and high rainfall. They are 
growing at any time of year. They belong to a prolific seed producer, more than 150,000 
seeds in its life time [9]. Seeds are dispersed by animals, wind, water, road construction 
machinery, and other human activities [10]. Parthenium has a negatively impact for 
native biodiversity, crop, rangeland productivity and human health (reviewed in 
Dhileepan [11]). Buffel grass is an exotic plant, native to parts of Africa, asia and middle 
east. However, Buffel grass has been widely distributed across Australia, United States 
and Mexico [12]. They are among a valuable plant as a pasture species. Now, they are 
massively spreading across the Australia’s National Reserve System, Ochre Pits (A site of 
high cultural and ecological value). Buffel enables to produce high yields, rapid growth, 
drought tolerance, prolific seed producer and high seed dispersal [13]. 
Ecological niche modelling was widely used as a tool to understand a complex 
biodiversity phenomenon and distribution pattern. This approach concerns to 
determine the characteristics of suitable habitat of invasive species in their native range 
and predict the geographic potential of invasion area. Some studies were conducted to 
address the challenges of predicting the potential invaded range, one of those was 
carried out by Peterson and Vieglais [20]. They developed a framework of methodology 
to address the challenges of predicting invaded range. There are several challenges that 
bearing when projecting invasive species from native range (known environmental 
space) to invasion range (unknown environmental space); a) Prediction within the 
geographical range (training region) is more reliable and trustworthy being used to 
project in unsampled geographical space if the species-environment relationship, biotic 
interaction, and genetic variability in population are almost similar between sampled 
area and unsampled area [14]. However, the existence of invasive species in new areas 
can alter the biotic interaction in its community (predators, parasites, competitors), 
differences in relative importance of environmental variables and evolution change 
(genetic drift) [15], b). Lack observation in model calibration and evaluation make 
predicting beyond the calibrated model can be risky [16]. Fundamental niche is not being 
fully occupied in native ranges because of dispersal constraint or biotic interaction ]17], 
c). Species within its native range tend to occupy smaller areas than are suitable (realized 
niche is smaller than fundamental niche). However, invasive species in invaded range 
shows non-equilibrium distribution because they may still be expanding in extent and 
abundance [18], [19], d). Projection model to different area sometimes changes the 
ranking of accuracy which means the calibration area may not be the best in new area, 
e). Projection to new area required the same fine resolution at which the model was 
fitted. 
Some of key assumptions are considerably required as projecting the calibrated 
model, a). Environments are assumed to be identically available and analogous between 
two areas and time periods, b). Full realized niche is completely captured. Sometimes 
model was built from limited part of species geographic distribution that makes 
truncated or biased response curves, c) The niches tend to be the same (stable) across 
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different areas and time periods [21]. The niches may fluctuate or probably change due 
to expanding, shrinking, or shifting. The objective of this study is to understand several 
important things that should be considered when projecting the invasive plant species 
from native range to invaded range (projecting in space).  
 
2. Methods 
A web science search was made in April – July 2018 using the keywords of 
"Projection of plant invasive species in invaded range”. Five scientific papers that 
highlighted the projection of invasive plant species were selected. Those papers are 
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3. Result and Discussion 
Table 1. Four aspects that highlighted from of invasive species’ projection papers 
Study Approaches Findings Limitations 
Predicting potential 
distributions of invasive 
species: where to go from 
here? 
(2010) 






concerns to predict a 
potential distribution of 
species, meanwhile, 
Mechanistic focuses to 
understand the invasion 
dynamic 
 
a). Hybrid models enable to combine the 
advantages using phenomenological 
and mechanistic approaches. 
b). Hybrid models was successfully 
developed to predict the spread of 
invasive species. A number of studies 
were carried out, such as Kriticos et al. 
[24], used Hybrid models (community 
dynamic model and forest growth 
model) to model the population 
dynamic of Acacia nilotica.  
 
a. Hybrid models do not produce 
the prediction perfectly but to 
tackle several limitations as 
using the traditional 
approaches. 
b. Hybrid model shows one-way 
interaction between model. In 
contrast, Invasive species tend 
to modify the environment and 
resources. 
Modelling horses for novel 
climate courses: insights 
from projecting potential 
distributions of native and 
alien Australian acacias 
with correlative and 
mechanistic models 
Building Bioclimatic models 
by Combining two 
discriminative correlative 
models (MAXENT and 
Boosted Regression Trees) 
and mechanistic model 
(CLIMEX). 
a). All models are statistically significant, 
but there are variations in modelling 
techniques. 
b). Incorporating native and alien 
distribution records in discriminative 
correlative model does not improve 
model projection.  
c). Three modelling techniques represent 
substantial projection in the projected 
range limits.  
d). Extrapolation into novel climates with 
open ended response curves in 
a. Key determinants of 
fundamental niches should be 
captured, to deal with a reliable 
or meaningful projection. 
b. Predicting the potential 
distribution in novel climate 
might have numerous 
difficulties that can make highly 
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Study Approaches Findings Limitations 
discriminatory correlative models 
could give unrealistic projection when 
the response functions dominating 







bution models – how 
violating the equilibrium 
assumption can create 
new insightsge12 
Combining global model and 
regional model 
Global model has a good performance at 
global scale, but low to moderate at 
regional scale. The use of global scale 
provides better estimation of species’ 
climatic limitations. However, in 
prediction of regional -scale distribution 
of invaders, global scale information 
alone does not sufficient. In addition, 
using realized regional scale was not 
enough to produce complete prediction 
and sometimes misrepresent the 
environmental preferences.  
 
a. Lack of ability a model calibrated 
at coarse (global) resolution to 
completely capture the 
environmental variability at the 
fine (regional) resolution in the 
highly heterogenous 
environments. 
b. Both two models (the global and 
regional) have to be calibrated at 
the same resolution and variables 
(climate, soil information and 
land cover). 
c. Niche estimation and overall 
relevance of the analysis were 
affected by sampling bias at both 
global and regional scales. 
 
Buffel grass and climate 
change: a framework for 
projecting invasive species 
distributions when data 
are scarce 
Bayesian Network (NS), 
Empirical and spatial data 
layers, and use of expert 
judgements  
a). The relationship between invasion 
requirements and key environmental 
factors were completely captured by 
BN. 
b). The BN combined with empirical data 
a. The model may be correct, but 
the spatial data is wrong. 
Uncertainty on projections can be 
determined using sensitivity 
analysis and expert knowledge.  
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Study Approaches Findings Limitations 
and spatial data layers, enables to 
address issue related to lack of 
empirical data (empirical data is not 
sufficient).  
c). The BN can capture process – 
understanding in data poor 





b. The expert knowledge may be 
correct, but the model is wrong. A 
review of the model outputs by 
experts need to be conducted. 
c. The expert knowledge used to 
construct the model itself might 
be wrong. The construction of 
Bayesian Network need to be 
compared with field experiments 
to define key environmental 
variables that determine invasion 
process [22]. 
 





a). Four selecting data points 
to train models were 
selected, consists of 
PWBW (presence points 
from the world and 
background points from 
various polygons in the 
world), PNBN (both 
presence and back-
ground points from native 
ranges), and PWBN 
(presence points from the 
world and background 
a). PWBW, PNBN, and PWBN perform a 
different predictive ability. PWBW 
shows higher predictive power on 
global scale than other point sources 
(PNBN and PWBN). 
b). PWBW was chosen as the best 
combination of sources and 
background points.  
c). PWBN was the worst set of points for 
making global predictive model. 
d). BRT gave the more reliable predictive 
model outside of the training region 
than RF, GLM and GAM. 
e). RF the second-best predictive models. 
a. The model can’t estimate the 
effect of biological, genetic-
plasticity interaction and 
constraints of spreading so as 
assumed this is to be not affecting 
against distribution. 
 
b. In terms of designing model, 
biological knowledge from the 
expert are required to guide a 
selection of SDM methods and 
choose of predictor variables. 
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Study Approaches Findings Limitations 
points from the native 
range).  
b). They used four different 
modelling techniques, 
including General Linear 
Model (GLM), General 
Additive Model (GAM), 
Random Forest (RF) and 
Boosted Regression Tree 
(BRT).  
c). Those approaches were 
run with three scenarios: 
a). source of occurrence, 
b). Drawing backgrounds 
(absence point), and c). 
alternate set of predictor 
variables.  
RF has a good ability in modelling 
complex responses. 
f). GLM shows the unrealistic model 
projections than other models. 
g). When the geographic range is broader 
than training region of model, 
biological knowledge and the 
information about its distribution 
were quite useful. 
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4. Conclusion 
A proper approach for predicting invasive species in invaded range (outside of 
native range) becomes a critical aspect in terms of producing a reliable projection model. 
Incorporating some of key points, for instances correlative models (interaction between 
species-environment), mechanistic models (dynamic of population), and biological 
knowledge from experts are required to reduce an uncertainty in model projection. 
Some of models well-performed, even though several limitations still exist. 
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